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論 文 内 容 の 要 旨 
 
This thesis is concerned with spatial and spatio-temporal extension of time series 
volatility models. Volatility which is a variance and conditional variance in a model 
is one of the most important concepts in _nancial econometrics because it is used 
in widely areas such as risk management, option pricing and portfolio selection. 
However, volatility has some special features. The daily volatility is not directly 
observable from market data because we observe only one observation in a trading day. 
These unobservability makes it difficult to evaluate and forecast volatility. 
Moreover, financial market data often exhibits volatility clustering (i.e., 
volatility may be high for certain time periods and low for other periods). This means 
time-varying volatility is more common than constant volatility. Therefore, accurate 
modeling of time-varying volatility is important in financial econometrics. The 
seminal work of Engle (1982) proposes autoregressive conditional heteroscedasticity 
(ARCH) models and the most important 
extension of the model is generalized ARCH (GARCH) Univariate volatility 
models are generalized to multivariate cases in many ways. Financial assets 
tend to move together over time across both assets, therefore modeling a time- 
varying covariance matrix is important in may financial applications. The curse 
of dimensionality becomes a major obstacle for generalization because there are 
n(n+1)2 quantities in a covariance matrix for a n-dimensional time series. Thus, 
we attempt to give a conditional covariance matrix some simple structures to 
reduce the number of parameters. 
In this thesis, we apply spatial econometrics ideas to overcome the curse of 
dimensionality. We propose spatial ARCH (S-ARCH) models, spatial GARCH 
(S-GARCH) models and spatial autoregressive moving average models with 
generalized autoregressive conditional heteroskedasticity processes (SARMA- 
GARCH) in this thesis. S-ARCH models and S-GARCH models are spatial 
extension of ARCH and GARCH models for spatial data. SARMA-GARCH 
models are spatio-temporal extension of ARCH models which are de_ned by 
spatial weight matrices based on _nancial distance. 
In chapter 2, we propose a spatial extension of time series autoregressive 
conditional heteroskedastitictiy (ARCH) models to those for areal data. We 
call the spatially extended ARCH models as spatial ARCH (S-ARCH) models. 
S-ARCH models are re-expressed in the form of spatial autoregressive (SAR) 
models for logged observations. The two parameters are estimated separately 
by a two step procedure in order to avoid the bias caused by joint estimation 
by least squares. Both the estimators consistent, while only the estimator for 
the spatial parameter can be proved to be asymptotically normal. We carry out 
simulation studies to evaluate the finite sample properties of the estimators. We 
find that the estimator for the spatial parameter has almost the same means and 
root of mean squared errors for each of the four error distributions, while the one 
for intercept has empirical means and root of mean squared errors dependent 
on the error distributions. As the error distribution is more discrepant form 
Gaussianity, the empirical estimation performance for intercept is less efficient. 
Finally, We apply S-ARCH models to land price data in Tokyo area. We find 
first the significant evidence of S-ARCH effects in each year. Spatial volatilities 
in the coastal areas hit by the Tsunami by the Great East Japan Earthquake 
in 2011 are higher than those in the other two years. These behaviors of spatial 
volatilities suggest that spatial volatilities react to economic booms or recessions 
in the opposite way with time series volatilities, in recalling that typical financial 
time series volatilities burst in an economic shock while relatively stable in a 
boom. 
In chapter 3, we extends a generalized autoregressive conditional heteroscedas- 
ticity (GARCH) model for time series to that for spatial data, which we call 
a spatial GARCH (S-GARCH) model. S-GARCH models are re-expressed as 
SARMA models. Parameters are estimated by a two step procedure. First step 
is the estimation of spatial parameters and coefficeints of explanatory variables 
by QML method. The constant term _ shall be estimated separately in the 
second step, as log "2 in (??) is not zero mean. and the estimator for constant 
term in the first step is biased. In second step, intercept is estimated by the 
likelihood different from the one in the first step. Both estimators have consistency 
and asymptotic normality. Monte Carlo experiments are carried out to 
investigate finite sample performances of the two stage estimators. The results 
show the estimators in the firs step are nearly unbiased and not sensitive to the 
choice of the error distributions. On the other hand, the second step estimator 
depends on the error distribution, ie, is more biased and has larger RMSE for 
more deviations from Gaussian. We shall apply S-GARCH models to land price 
data in Tokyo area in order to demonstrate identification of spatial volatili- 
ties. We find that volatilities not only at coastal areas hit by the Tsunami but 
also areas near Fukushima are identified to be high and , which suggests the 
effects of Fukushima nuclear accidents. Finally in comparison between identified 
volatilities by fitting S-ARCH and S-GARCH models, we observe that S-GARCH fits better 
in terms of AIC with global spillover, which means the identified volatility by 
S-GARCH models are more highly spatially correlated than those of S-ARCH models. 
In chapter 4, we propose spatio-temporal extensions of time series multi-variate 
volatility models. We call spatiotemporally extended volatility models as spatial 
autoregressive models with spatial autoregressive error and generalized 
autoregressive conditional heteroskedasticity processes, namely SARAR-GARCH models. 
A spatial weight matrix is usually determined by geographical 
information of spatial data, however, ri,t is financial data and doesn't include 
geographical information. Therefore, we need to determine financial distances 
to make a spatial weight matrix. We propose one method to make spatial 
weight matrix from financial data. Here, we propose a method to make spatial 
weight matrices from financial data by stepwise backward regression. We shall 
propose estimation of the parameters in SARAR-GARCH models. Parameters 
are estimated by a two step procedure. First step is the estimation of spatial 
parameters and second step is that of GARCH parameters. In real data analysis, We 
apply the SARMA-GARCH model to daily returns of the Nikkei 225 
stock price data and S&P 500 stock price data. We compare the in-sample and 
out-sample performances of SARAR-GARCH models with those of CCC models 
which is a benchmark. First, we check the in-sample performances based on log- 
likelihood. The results show the log-likelihood of the CCC model is grater than 
that of SARAR-GARCH. This means model fitting of the CCC model is better. 
One reason is that the number of parameters in CCC models is more than _ve 
times of those of SARAR-GARCH models. Secondly, we compare out-sample 
performances. The results shows out-sample performance of SARAR-GARCH 
models are better. This shows CCC model may be over-fitting and it cause lower 
forecasting performance. Moreover, we find SARAR-GARCH models work quite 
well in U.S market analysis. The reason why proposed models work well in U.S 
market is stock prices in U.S market are more volatile. CCC models assume 
constant correlation between stock prices so can't capture dynamic relations, 
but SARAR-GARCH models can capture dynamic correlation as volatility matrix for the 
model shown . Therefore, SARAR-GARCH models work well in 
U.S market. 
 
論 文 審 査 結 果 の 要 旨 
 
本論文は、ボラティリティの概念を金融時系列から一般化して空間データへ、さらに時
空間データへ拡張し、ボラティリティの不均一性をモデル化することを目的としている。  
第一章では、まず時系列におけるボラティリティを定義し、時系列ボラティリティを空間
および時空間データに拡張するための準備をおこなった。さらにボラティリティの目的と
用途について論じ、時空間への拡張を試みた既存研究を紹介した。  
第二章では、時系列ARCHモデルを空間ARCHモデルに拡張し、パラメータを二段階で推定す
る方法を提案した。関東地方の市区町村別の地価データに応用して、地価の空間ボラティ
リティを評価し、地域の特性と地価変動の関係を分析した。  
第三章では、二章で定義した空間ARCHモデルを空間GARCHモデルに拡張したものである。時
系列ARCHモデルをGARCHモデルに拡張するアナロジーを用いて空間GARCHモデルを定義し、
第二章と同様に関東地方の地価データに応用して、空間ARCH, GARCH両モデルの比較を行っ
たものである。空間GARCHモデルによる地価ボラティリティはより滑らかに推定されており、
地域に関して滑らかに変化する地価ボラティリティの特性をより正確に表現した。  
第四章では、高次元金融時系列のボラティリティ行列を評価するために、SARAR-GARCHモデ
ルを提案した。銘柄を地域と解釈して高次元金融時系列を時空間データととらえ、時系列
ARCHモデルを時空間データに拡張したものである。日経225, SP500に本モデルを応用し、
ベンチマークであるCCCモデルと比べて予測精度およびポートフォリオのパフォーマンス
の観点から改善していることを示した。  
本論文による空間、時空間へのボラティリティの拡張は、社会科学におけるボラティリ
ティ不均一性を分析する有効な手段と評価できる。以上より、本論文は博士（経済学）と
して「合格」と判定する。 
